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Abstract 
The recoveries of gold from printed circuit board are carried out in this work. Chemical analysis of waste printed circuit board 
was determined by ICP (Inductively Coupled Plasma) method. The dissolving mechanism of gold was elaborate. The 
thermodynamics for leaching process of gold was analyzed, the E-pH diagrams at 298K were drew by Factsage software. The 
stability of leaching process of gold in thiourea solution was investigated, the optimal experimental conditions were obtained. 
Moreover, orthogonal experiments were carried out based on single factor experiments, the most important factor for the gold 
leaching process was the concentration of thiourea solution. 
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1. Introduction 
Metal pollution due to the huge electronic waste (E-waste) accumulation is widespread across the globe. Over 
the past several decades, electronic waste has become to be the fastest growing solid waste; which is increasing 3-
5% a year. Printed circuit board (PCB) is one of the electronic waste which contain 28-32% metallic components 
and 68% non-metallic components which mainly include plastics, glass and ceramics[1-5]. Recycling of PCB is a 
difficult task due to the complexity of the materials and possible expulsion of toxic substances. It contains several 
types of metals, such as zinc, copper, silver and gold, which are quite valuable to be recovered[6-11]. Gold is a typical 
precious metal, it is reported that the gold content in printed circuit board is twice more than that in the nature gold 
ore, thus recovery of gold from the printed circuit board has drew more and more attention all over the word.  
The conventional extracting of gold methods are subtotal toxic and are Easy to cause environmental pollution, 
such as cyanide process, aqua regia leaching method, and iodide process8,10,11. The leaching processes of gold in this  
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work are carried out based on thiourea leaching method, compared with the aforementioned methods; the thiourea 
method has two advantages: (1) The leaching method is nontoxic, which is more environmental than other methods; 
(2) Thiourea leaching method has selectivity for extracting gold. Thus the thiourea leaching method is a feasible for 
extracting gold from the waste printed circuit board.The aim of this work is to analyze the the dissolving mechanism 
of gold in thiourea solution and thermodynamics of the leaching reactions in order to achieve an environmental way 
to recover of gold form waste printed circuit board. 
2 Experimental  
2.1.  Pre-treatment of the materials 
All the experimental materials are printed circuit boards which are used as mainboard in computer. The non-metal 
devices were teared down from the boards before the crushing process. The boards were cut into small pieces which 
are below 15 mm. Metal content in the original PCBs powder was determined by ICP (Inductively coupled plasma 
atomic emission spectrometry), the results is shown in table 1. 
 
Talbe 1. Metals content in the printed circuit boards 
Metals Mass fraction (mg/g) 
Au 0.0385 
Pb 20.986 
Zn 3.968 
Fe 40.756 
Ni 3.854 
Mn 0.976 
Pd 0.435 
Cu 308.752 
Ag 0.541 
2.2.  Leaching of gold from the waste printed circuit board 
During the gold leaching process, the PCB materials were placed in a container, and then a certain concentration 
of thiourea solution was added into the container, then the system was heated to the experimental temperatures then 
open stirrer. In order to investigate the effect of leaching process, the reactions were carried out in the temperature 
range of 283-323K and the time range of 1-5 hours. In a typical leaching process, 10 g of PCBs sample and 50 ml of 
thiourea solution were added to a container before reaction. The hydrogen peroxide was used as oxygen source. In 
order to investigate the effect of SCWO pre-treatment conditions, the reactions were carried out in the temperature 
range of 283~323K and the time range of 15-150 min. Figure 1 is the leaching experimental facility used in this 
work. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. The leaching experimental facility used in this work 
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3 Results and discussion 
3.1 Dissolving mechanism of gold in thiourea system at different temperatures 
Thiourea is an organic compound, it can combine with many metallic irons and form coordination compound, 
and it is reducibility and would be oxidized into (SCN2H3) 2 in acid solution. When there is oxidizing agent in the 
solution, such as Fe3+, the gold can react with thiourea at once; the chemical reaction can be representing as: 
OHNHSCAuHONHSCAu 2222222 2/1])([4/1)(2               (1) 
   2222322 ])([)(2 FeNHSCAuFeNHSCAu                                (2) 
These chemical reactions can be considered as the principles for gold leaching process.The thiourea is unstable, it 
can easily decompose into other compounds, the possible decomposed reactions for thiourea are listed as following:  
eHNHNHSCCSNHNHNHCS 22
2
)()(
22
)
2
(2                      (3) 
3222 )(4)( SONHCOONHCS                                                                    (4) 
  SCNNHNHCS 422 )(                                                                                  (5) 
SSHNHCNNHNHSCCSNHNH   2222 2)()(                           (6) 
SNHCNNHCSNHNHSCCSNHNH   22222 )()()(                  (7) 
OHNHCSONHOHNHCS 2222222 22)(                                      (8) 
As it is shown in the above chemical reactions, the thiourea are unstable in solution system, thus it is necessary to 
prevent the thiourea being decomposed. 
3.2. Thermodynamics considerations of gold leaching process 
The ion reaction and electronic equation can be represented as: 
AueAu                                                                                                           (9) 
  Au
Au
Au alg0591.0692.1M                                                                          (10) 
AueAu   33                                                                                                       (11) 
  33 lg0197.0498.1 Au
Au
Au aM                                                                        (12) 
SHNHCOOHNHSC 232222 22)(                                                      (13) 
According to formula (9)~(13), the E-pH diagram of Au-H2O system at 298.15K was drew by Factsage software, 
which is shown in figure 2. 
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Fig.2. E-pH diagram of Au-H2O at 298.15K 
3.3.  Leaching process of gold in thiourea system 
3.3.1 Effect of temperature on leaching rate of gold 
To reveal effect of temperature on leaching rate of gold, the experiments were taken out at the temperature range 
between 283~323K, at the Fe3+ concentrate of 0.3%, pH 1.5, and the concentration of thiourea solution is 10g/L. 
The experimental results are shown in figure 3. 
 
Fig. 3. Effect of temperature on leaching rate of gold 
As it is shown in figure 3, when the leaching temperature is 283K, the corresponding leaching rate is 57.35%, 
however, it increased conspicuously with the increasing of temperature. When the leaching temperature is higher 
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than 303K, the leaching rate began to decrease slowly. According to the chemical kinetics theory, higher 
temperature is conductive to reaction process.The leaching of gold is increasing with the raising of temperature. 
However, thiourea would be decomposed at high temperatures.We choose 303K as optimal temperature. 
3.3.2 Effect of leaching time on leaching rate of gold 
To reveal effect of leaching time on leaching rate of gold, the experiments were taken out at the time of 1-5h, the 
thiourea and Fe3+ concentration are 10g/L and 0.3wt%, the experimental results is shown in figure 4. 
 
Fig.4. Effect of time on leaching rate of gold 
As it can be seen in figure 4, when the leaching time is less than 2 hours, the leaching rate of gold increased with 
leaching time. The leaching rate begin to decreased 2 hours later. This is because the gold is leached completely. 
Other components would react with thiourea, which makes the leaching rate of gold decreased. 
3.3.3  Effect of thiourea concentration on leaching rate of gold 
To reveal the effect of thiourea concentration on leaching rate of gold, the experimental were carried out with the 
thiourea concentration between 1-20g/L. The leaching temperature is 303K,the pH is 1.2. The experimental results 
is shown in figure 5. 
 
Fig.5. Effect of thiourea concentration on leaching rate of gold 
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     As it can be seen in figure 5, the leaching rate increased significantly when the  thiourea concentration is 
lower than 10g/L. When the thiourea concentration was more than 10g/L, the leaching rate of gold was almost 
constant, which indicated that the optimal concentration of thiourea was 10g/L. 
3.3.4 Results of the orthogonal experiments 
To further reveal the solving mechanism in thiourea solution, the gold leaching orthogonal experiments are 
carried out via three factors at four levels, the experimental results is shown in table 3, Where A is leaching 
temperature, B is leaching time, C is concentration of solution. 
 
Table 2. For and level for the orthogonal experiments 
level (A)temperature/ć (B)time/h (C)concentration/˄g/L˅ 
1 5 2 10 
2 20 3 15 
3 30 4 20 
4 40 5 25 
 
Table 3. Au leaching orthogonal experiment results L16(43) 
NO. A B C Leaching rate(%) 
1 1 1 1 83.12 
2 1 2 2 83.45 
3 1 3 3 89.97 
4 1 4 4 86.67 
5 2 1 2 91.27 
6 2 2 1 85.13 
7 2 3 4 93.24 
8 2 4 3 88.93 
9 3 1 3 94.46 
10 3 2 4 94.38 
11 3 3 1 95.55 
12 3 4 2 94.27 
13 4 1 1 87.01 
14 4 2 4 93.12 
15 4 3 3 93.87 
16 4 4 2 92.03 
K1 343.21 355.86 337.32  
K2 358.57 356.08 373.04  
K3 377.16 371.13 367.23  
K4 366.03 361.90 367.41  
k1 85.80 88.97 84.33  
k2 89.64 89.02 93.26  
k3 94.29 92.78 91.81  
k4 91.51 90.48 91.86  
Range 8.49 3.81 8.93  
 
The range value indicates that the influence of a certain experiments on leaching results. As it is shown in table 3, 
the value of R for factors A, B, and C are 8.49, 3.81 and 8.93. Thus the most important factor for the gold leaching 
process is the concentration of thiourea solution. 
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4 Conclusion 
The recoveries of gold from printed circuit board are carried out in this work. Chemical analysis of waste printed 
circuit board was determined by ICP (Inductively Coupled Plasma) method. The leaching thermodynamics and 
experiments for gold were investigated in this study, effect of temperature, leaching time and thiourea concentration 
on leaching rate of gold were investigated in this study, the optimal experimental conditions were obtained: the 
leaching temperature is 303K, leaching time 2 hours, thiourea solution concentration 10g/L. 
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